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IN TRO DUC TION

A grow ing body of data sug gests that both acute and
chronic pain states involve processes of cen tral hyper -
ex cit abil ity that may be medi ated, in part, by the action 
of exci ta tory amino acids at N-methyl- D- aspartate
(NMDA) recep tors.1-3 Auto ra dio graphic data con firm
the pres ence of a sig nifi cant number of NMDA bind ing 
sites in the rat spi nal dor sal horn.4 NMDA pro duces
exci ta tory responses in spi nal dor sal horn nocicep tive
neu rons of rats and pri mates, as meas ured by a vari ety
of in vitro and in vivo elec tro physiol ogic tech niques.5-9

Nocicep tive trans mis sion within the rat dor sal horn is
partly medi ated through NMDA recep tors.9-12 NMDA

recep tors in the rat are also involved in the phe nome -
non of “windup,”13 a state of cen tral sen si ti za tion
medi ated by C-fiber input,14,15 and in the induc tion
and main te nance of cen tral sen si ti za tion pro duced by
C-fiber affer ent input.16

Block ade of NMDA recep tors in rats attenu ates the
mag ni tude and dura tion of ther mal hyper al ge sia
induced by intrad er mal injec tion of com plete Fre und’s 
adju vant and car rageenan.17 The increased recep tive
field size of nocicep tive neu rons accom pa ny ing this
hyper al ge sia is reduced by the NMDA recep tor antago -
nist MK-801, sup port ing the role of NMDA recep tors in 
the dor sal horn plas tic ity and behav ioral hyper al ge sia
that fol lows periph eral tis sue inflam ma tion. NMDA
antago nists also reduce mechani cal hyper sen si tiv ity
in rats, pri mates, and cats under a wide vari ety of cir -
cum stances7,18-23 as well as formalin- induced nocicep -
tive behav ior.24 Dex tromethor phan (DM) selec tively
reduces the tem po ral sum ma tion of sec ond pain in
humans, a phe nome non that is thought to reflect some
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Periph eral neu ronal bar rage from tis sue injury pro duces cen -
tral nerv ous sys tem hyper ex cit abil ity through the acti va tion of
N-methyl- D- aspartate (NMDA) recep tor sites by exci ta tory
amino acids and neu ro pep tides. This study evalu ated if
attenua tion of NMDA recep tor acti va tion with dex tromethor -
phan (DM) sup presses the post op era tive devel op ment of
hyper al ge sia. Seventy- five patients under go ing oral sur gery in 
a parallel- group, double- blind study ran domly received either 
a pla cebo or the maxi mally tol er ated dose of DM admin is tered 
orally prior to and con tinu ing for 48 hours fol low ing sur gery.
Pain as meas ured by cate gory, vis ual ana log, and ver bal
descrip tor scales was not sig nifi cantly dif fer ent between

groups dur ing the first 6 hours fol low ing sur gery. How ever,
pain at 48 hours was decreased in the DM group as meas ured
by scales for pain inten sity and unpleas ant ness. Sub jects in
the DM group also self- administered fewer aceta mino phen
tab lets for unre lieved pain over 24 to 48 hours post op era tively. 
The results sug gest that DM at maxi mally tol er ated doses does
not pro duce an anal ge sic effect in the imme di ate post op era -
tive period but reduces pain at 48 hours. This may be related to 
antago nism of NMDA recep tors nec es sary for the expres sion of 
hyper al ge sia asso ci ated with nox ious affer ent input
post op era tively.
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of the mecha nisms under ly ing cen trally medi ated
hyper al ge sia.25 Admin istra tion of the NMDA recep tor
block ers MK-801 and 5-APV just prior to neurec tomy
in rats sig nifi cantly sup presses autotomy,26 a process
thought to be analo gous to neu ro pathic pain in
humans, fur ther sug gest ing NMDA recep tor modu la -
tion of cen tral sen si ti za tion fol low ing nerve injury.
These data and many other simi lar obser va tions form
the basis for evalu at ing the role of NMDA recep tors in
pain and the anal ge sic effects of puta tive NMDA recep -
tor block ers clini cally.

Two drugs used clini cally for indi ca tions other than
pain, keta mine and dex tromethor phan, have been
dem on strated to act as NMDA recep tor antago nists.27

Keta mine is an intra ve nous anes the sia induc tion agent 
that relieves pain due to posther pe tic neu ral gia,28

chronic post trau matic pain and allo dynia,29,30 pain
due to cen tral nerv ous sys tem (CNS) injury,31 and
acute post sur gi cal pain.32,33 The par enteral route of
keta mine admini stra tion and its side effect pro file,
which is attrib uted to high- affinity bind ing at the
NMDA recep tor,34 lim its use in ambu la tory patients.
Low- affinity NMDA recep tor antago nists are hypothe -
sized to have greater thera peu tic poten tial due to lower 
tox ic ity than high- affinity antago nists by per mit ting a
higher ratio of nor mal ongo ing activ ity at NMDA
recep tors.34

DM is a low- affinity NMDA recep tor blocker that is
rap idly metabo lized to dex tror phan, which also acts as 
an NMDA antago nist.27 DM is widely used as a nono -
pioid cough sup pres sant and is well tol er ated at anti -
tus sive doses (120 mg/day). DM has been shown to
reduce pain behav ior in ani mal mod els22,29 and in a
clini cal trial of pain ful dia betic neu ro pa thy, but not
posther pe tic neu ral gia.35 McQuay et al, how ever,
reported that oral dex tromethor phan did not reduce
pain from a vari ety of periph eral and CNS lesions in a
group of 19 patients.36 It is unclear from these data if
DM pro duces anal ge sia acutely or attenu ates more
slowly occur ring hyper al ge sia or if it is tol er ated at the
high doses often needed to dem on strate activ ity.

Oral sur gery has become a stan dard model for pre -
dict ing the clini cal effi cacy of inves ti ga tional anal ge sics
and evalu at ing mecha nisms of pain and anal ge sia.37-39

The acti va tion of oral struc tures by tissue- damaging
stimu la tion results in a neu ral bar rage in the tri gemi -
nal brain stem nucleus, mainly at its most cau dal
level—the sub nu cleus cau dalis, also referred to as the
medul lary dor sal horn.40 The lat ter name was adopted
because of its simi lar ity with the spi nal dor sal horn,
the ter mi na tion site of nocicep tive neu rons whose
recep tors are located at the level of spi nal der matomes. 

The oral sur gery model has been dem on strated to be
sen si tive for detect ing the clini cal effects of cen tral
hyper ex cit abil ity mani fest ing as increased pain over
the first 2 post op era tive days.41,42 This study used the
oral sur gery model in a ran dom ized, double- blind,
placebo- controlled clini cal trial to evalu ate the
hypothe sis that NMDA recep tor block ade with DM can 
sup press the devel op ment of post op era tive hyper al ge -
sia. The results sug gest that DM at maxi mally tol er ated 
doses does not pro duce an acute anal ge sic effect in the
imme di ate post op era tive period but attenu ates pain at
later time points asso ci ated with the devel op ment of
cen tral hyper ex cit abil ity.

METH ODS

The sam ple con sisted of 75 healthy oral sur gery out pa -
tients referred to the National Insti tutes of Health Pain
Research Clinic for the sur gi cal removal of impacted
third molars. Inclu sion cri te ria included two to four
par tial or full bony impacted third molars with exclu -
sion for the con cur rent use of anal ge sics, anti his ta -
mines, anti de pres sants, and CNS depres sants; his tory
of allergy to DM; and preg nancy or lac ta tion. Sub jects
were informed of the risks from oral sur gery and DM
and signed an insti tu tion ally approved con sent form.
The clini cal pro to col was approved by the National
Insti tute of Den tal Research Insti tu tional Review
Board.

Drug (30 mg per cap sule) and match ing pla cebo
were for mu lated, ran dom ized, and allo cated by the
NIH Phar ma ceu ti cal Devel op ment Serv ice. On the day 
prior to sur gery, sub jects were instructed to self-
 administer two cap sules of drug or pla cebo at din ner
time and, if tol er ated, to admin is ter two addi tional
cap sules before going to bed. On the day of sur gery,
sub jects were ques tioned regard ing the inci dence of
any adverse effects—usu ally drowsi ness or diz zi -
ness—and admin is tered two to four cap sules 1 hour
prior to sur gery, based on the dose tol er ated the even -
ing before sur gery. Patients were sedated imme di ately
prior to sur gery with 3 to 5 mg mida zo lam admin is -
tered intra ve nously fol lowed by intrao ral local anes -
thetic injec tions of lido caine with epi neph rine
(1:100,000). This resulted in patients who were con -
scious dur ing the pro ce dure but did not respond to
sur gi cal stimu la tion due to the local anes thetic.

Sub jects remained at the clinic after sur gery for 6
hours for obser va tion of pain response and the inci -
dence of adverse reac tions. Pain medi ca tion (aceta -
mino phen) was admin is tered if requested for the relief
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of mod er ate pain. For severe pain unre lieved by the
aceta mino phen, ketoro lac 30 mg was admin is tered
intra ve nously. Dex tromethor phan or a match ing pla -
cebo was given at dis charge with instruc tions to take
two to four tab lets every 6 hours as directed based on
the dose tol er ated on the even ing before sur gery and
their response to the dose given at the clinic on the
morn ing of sur gery. Aceta mino phen (975 mg) was also
pro vided, to be taken only as needed for pain unre -
lieved by the study drug.

Adverse effects, anal ge sic intake, and pain as
assessed by a 4-point cate gory scale, 100 mm vis ual
ana log scale (VAS), and ver bal descrip tor ana log scales 
for pain inten sity and unpleas ant ness43 were recorded
hourly on the day of sur gery and upon awak en ing prior 
to inges tion of medi ca tion at 24 and 48 hours. Sub jects
returned to the clinic at 24 and 48 hours post op era -
tively to evalu ate com pli ance and to mod ify the dos ing 
regi men, if nec es sary, based on their response to the
admin is tered dose. Sub jects were main tained at the
maxi mum number of cap sules (DM or pla cebo) based
on their self- reported adverse effects, such that the
maxi mally tol er ated dose was achieved over the 48-
 hour obser va tion period.

Data were ana lyzed with the BMDP Sta tis ti cal Soft -
ware Pack age (SPSS, Inc., Chi cago, IL). Pain inten sity
over the 6-hour post op era tive obser va tion period was
evalu ated by repeated meas ures analy sis of vari ance as 
a meas ure of any anal ge sic effect in the imme di ate
post op era tive period. Pain at 24 and 48 hours was
treated as an inde pend ent meas ure of cen tral hyper al -
ge sia based on pre vi ous clini cal tri als in the oral sur -
gery model dem on strat ing anti hy per al ge sic effects
that could only be dis tin guished at 48 hours.41,42 Sta tis -
ti cal dif fer ences between the two groups at 24 and 48
hours were deter mined by the stu dent’s t-test for con -
tinu ous vari ables (VAS, ver bal descrip tor ana log
scales) and the Mann- Whitney test for cate gori cal data. 
The number of aceta mino phen tab lets ingested per
24- hour period and the inci dence of side effects were
com pared between the two groups by chi- square
analy sis. For all sta tis ti cal tests, p-va lues < 0.05 in a
two- tailed test were con sid ered sig nifi cant. A sam ple
size of 30 sub jects per group was cal cu lated based on a
pre vi ous study using the oral sur gery model44 to detect
a 30% reduc tion in pain by DM in com pari son to the
pla cebo with a power of 0.80.

RE SULTS

The demo graphic char ac ter is tics of the sam ple were
simi lar between the drug and pla cebo groups for age,
sex, height, and weight (Table I). Intraop era tive

vari ables such as anes thetic dos ages and sur gi cal dif fi -
culty were also simi lar between groups. Simi lari ties
between these vari ables sug gest that dif fer ences
between groups were not due to varia tions in sur gi cal
pro ce dure or anes thetic agents used.

Pain was simi lar between groups dur ing the imme -
di ate post op era tive period, as meas ured by all scales
(Table II) and illus trated for the VAS (Fig ure 1), with all
sub jects request ing anal ge sics as the local anes thetic
dis si pated. There were no sig nifi cant dif fer ences
between groups in the receipt of res cue anal ge sics dur -
ing this time period, although six patients in the pla -
cebo group and two in the DM group required admini -
stra tion of injecta ble ketoro lac for pain unre lieved by
the ini tial dose of aceta mino phen (975 mg).

By 24 hours, there was a trend for the drug group to
report less pain than the pla cebo group (Fig ure 2,
upper panel); there was no dif fer ence in the amount of
self- administered res cue anal ge sic con sumed (Fig ure 2,
lower panel). Pain at 48 hours was sig nifi cantly lower
in the DM group, as meas ured by all pain scales (Table
II) and illus trated for the VAS (Fig ure 2, upper panel).
In addi tion, sub jects in the DM group self-
 administered sig nifi cantly (p < 0.05) fewer aceta mino -
phen tab lets for unre lieved pain dur ing the 24- to 48-
 hour period (Fig ure 2, lower panel). The number of
study drug cap sules con sumed ranged from 2 to 16 per
day (60-480 mg per day). The mean DM dose was 336
± 101 mg dur ing first 24 hours fol low ing sur gery, and a 
mean of 309 ± 104 mg was con sumed from 24 to 48
hours post op era tively.

Inci dence of adverse effects was slightly ele vated in
the DM group dur ing the imme di ate post op era tive
period. How ever, over the 6- to 24- hour and sec ond 24- 
to 48- hour peri ods, the DM group expe ri enced
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Ta ble I Demo graphic Char ac ter is tics and
In traop era tive Vari ables

Pla cebo Dex tromethor phan

Sex (n)
 M 25 24
 F 14 12
Age (years) 21.5 ± 0.6 22.0 ± 0.8
Height (cm) 166.5 ± 4.9 170.1 ± 3.2
Weight (kg) 77.9 ± 3.8 72.9 ± 3.2
Mi da zo lam (mg) 3.2 ± 0.1 3.0 ± 0.1
Lido caine (mg) 200.3 ± 5.7 195.5 ± 4.8
Sur gi cal dif fi culty* 9.2 ± 0.3 9.8 ± 0.3

* Sum of dif fi culty scores per ex trac tion site, where 1 = sim ple, 2 = soft tis -
sue, 3 = par tial bony, 4 = full bony im pac tion. Val ues are mean ± SD.
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sig nifi cantly more adverse effects (Fig ure 3). The most
fre quently reported side effects were diz zi ness,
drowsi ness, head ache, and blurred vision. Four sub -
jects were dis con tin ued from the study due to intol er -
able adverse effects on the day of sur gery. Of these, two
were sec on dary to aller gic reac tion, one to ataxia, and
one due to pro longed lip pares the sia.

DIS CUS SION

DM at maxi mally tol er ated doses reduced post op era -
tive pain 2 days fol low ing oral sur gery with out dem on -
strat ing an acute anal ge sic effect imme di ately
fol low ing sur gery or at 24 hours. These find ings agree
with pre vi ous clini cal stud ies dem on strat ing that
NMDA recep tor antago nists dif fer from tra di tional
anal ge sics in their mecha nism of action.45 They have
no effect on the ini tial nocicep tive input, as seen
over the first 6 hours post op era tively, but reduce
injury- induced facili ta tion of CNS mecha nisms at
later time points—48 hours fol low ing sur gery in this
study. Drugs of this class should exert an anal ge sic
effect only under con di tions in which tis sue injury
(e.g., burn injury) or repeti tive nocicep tive stimu la tion 
(e.g., dur ing inflam ma tion) has induced cen tral
hyper ex cit abil ity.

In con trast to ani mal experi ments, pre vi ous clini -
cal stud ies have not shown con sis tent agree ment
con cern ing the effi cacy of DM for either experi men -
tal or chronic pain states. For exam ple, Price et al25
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Fig ure 1. Pain over the first 6 hours post op era tively as meas ured by
the vis ual ana log scale.

Fig ure 2. Pain at 24 and 48 hours post op era tively as meas ured by
vis ual ana log scale (up per panel, *p = 0.02) and number of aceta -
mino phen tab lets self- administered for un re lieved pain (lower panel,
*p = 0.03).

Fig ure 3. In ci dence of ad verse ef fects in the ini tial 6 hours and over
the sub se quent 6- to 24- hour and 24- to 48- hour pe ri ods.



dem on strated that DM reduces tem po ral sum ma tion
of sec ond pain, yet the same range of doses was inef -
fec tive for experi men tal ischemic and cap sai cin
pain.46 In clini cal tri als, DM was effec tive for dia betic
neu ro pa thy,35 but oth ers have failed to dem on strate an
effect for simi lar neu ro pathic pain states36 and pos-
ther pe tic neu ral gia.35

dem on strated that DM reduces tem po ral sum ma tion
of sec ond pain, yet the same range of doses was inef -
fec tive for experi men tal ischemic and cap sai cin
pain.46 In clini cal tri als, DM was effec tive for dia betic
neu ro pa thy,35 but oth ers have failed to dem on strate an
effect for simi lar neu ro pathic pain states36 and pos-
ther pe tic neu ral gia.35

Meth od ologic dif fer ences may explain these
equivo cal find ings from clini cal stud ies in chronic
con di tions: the con cur rent use of anal ge sics other than 
DM in some stud ies, dif fer ences in base line pain rat -
ings within and across stud ies, the type of pain con di -
tion treated, and dif fer ences in dos ing regi mens may
all have con trib uted to dif fer ences in find ings across
clini cal tri als. In this study, sub jects were healthy vol -
un teers, expe ri enc ing acute post op era tive pain that is
pri mar ily inflam ma tory in ori gin (for a review, see
Dionne39) and sen si tive to the effects of anti-
 inflammatory drugs such as aspi rin and the NSAID
class.37 The lack of effect dur ing the imme di ate post op -
era tive period may reflect lim ited potency of the anal -
ge sic manipu la tion when pain is at its high est, while
the dem on stra tion of reduced pain and decreased use
of a res cue drug in the DM group at later time points
may rep re sent a DM- mediated attenua tion of hyper-
al ge sia.

The adverse effects observed in this study were not
unex pected, con sid er ing the well- documented side
effect pro file of DM.47 The inci dence was high in com -
pari son to pre vi ous stud ies, most likely because of the
accel er ated increase in dose in this study over the
course of 3 days when com pared to chronic pain tri als
in which the drug is titrated to effect over sev eral
weeks. Although poor metaboliz ers of DM were not
char ac ter ized, it is also pos si ble that slow elimi na tion
of DM in the face of a rap idly increas ing dose may have
con trib uted to the observed inci dence of adverse
effects in some sub jects.

Com pari son of anal ge sic intake between groups is a
tra di tional out come meas ure in stud ies evalu at ing
post op era tive pain. Sub jects in the pla cebo group
tended to self- administer more aceta mino phen for
unre lieved pain within the first 24 hours (non sig nifi -
cant) and over the 24- to 48- hour period (p < 0.05).
This greater anal ge sic intake by the pla cebo group
likely mini mized group dif fer ences in the pain report.
Any pro longed anti- inflammatory effect of the ketoro -
lac admin is tered as a res cue anal ge sic on the day of
sur gery could have also mini mized dif fer ences
between groups. These fac tors may account for our
inabil ity to detect a dif fer ence between groups at 24
hours.

These data sup port the hypothe sis that NMDA
recep tor antago nists sup press the devel op ment of cen -
tral sen si ti za tion, which con trib utes to increased post -
op era tive pain. Moreo ver, they pro vide fur ther evi -
dence that nocicep tor affer ent bar rage per mits the
devel op ment of changes within the CNS that mani fest
as increas ing pain, often char ac ter ized as cen tral
hyper ex cit abil ity. Although the lack of effect in the
imme di ate post op era tive period and the ele vated inci -
dence of adverse effects at these doses do not sup port
the use of DM alone as a post op era tive anal ge sic, these
obser va tions sug gest that NMDA recep tor antago nists
such as DM may be use ful phar ma cologic inter ven -
tions to reduce hyper al ge sia or miti gate chronic pain.
If the clini cal poten tial of DM as a pain ther apy is to be
fur ther explored, it should be evalu ated at lower doses
and in com bi na tion with other anal ge sics. An alter na -
tive strat egy would be to develop agents with speci fic -
ity for periph eral NMDA recep tors that might medi ate
anal ge sia periph er ally with out the high inci dence of
side effects pre suma bly due to the cen tral effects of DM.

We wish to acknowl edge the assis tance of the NIDR staff, oral
sur geon Dr. Jaime Bra him, the Clini cal Cen ter Depart ment of Nurs -
ing, and the Phar ma ceu ti cal Devel op ment Serv ice in the con duct of
this research.
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